BENCHMARKS
Fish stock management and endangered species protection need a holistic approach for rational action (1) . In addition to life history and ecological aspects, population genetics is well-known for providing essential new information that is not available elsewhere.
In research on intraspecific structure, molecular markers (in particular nuclear ones) are necessary to estimate classical parameters such as panmixia, selection, migration, and hybridization, which define the biological status of the investigated populations. Such information is essential for conservation and commercial exploitation of fish, but the molecular knowledge of these species is nearly nonexistent. Thus, polymorphic markers about which there is no previous knowledge are needed. Allozymes are such universal markers and were the only ones used for decades prior to the development of DNA-based techniques. Their major constraint has always been the need for frozen tissue samples that are often difficult to maintain cold if the sampling site is remote from the laboratory. Another disadvantage may be insufficient polymorphism. Microsatellites are now widely used and provide high-quality data (2), but generally the highly specific primers cannot be used on taxa other than the species for which they were designed.
Among the many available molecular markers, only intron systems can provide broad information on nuclear polymorphism using universal primers: they do not require previous knowledge of the genome to be analyzed; they are generally polymorphic and sometimes hypervariable; they are expected to be codominant and selectively neutral; they are easily amplifiable by PCR, and they can be revealed on simple agarose or acrylamide gels; and large numbers can be obtained at low cost (3−8) . Using a given pair of primers, several loci can be simultaneously amplified. This phenomenon may reflect former polyploidizations, tandem duplications, and other phenomena occurring during lineage evolution and producing pseudogenes. This intron characteristic is useful for biologists because it potentially provides a number of polymorphisms with only a pair of primers. The universality property of the primers described has a slight surmountable disadvantage: the risk of human DNA contamination. It is not always possible to avoid contamination by respecting usual PCR rules but it is easily detectable because of the highly specific profiles obtained for each species and for each exon-primed intron-crossed (EPIC) system. Several methods can detect intron polymorphism, including sequencing, single-strand length determination, or single-stranded conformational polymorphism (SSCP) analysis (9) , which are useful for short DNA fragments (around 300 bp). In this paper, as we were looking for large-scale, rapid, reproducible, and low-cost data, we considered only the length polymorphism of nondenatured (double-strand) DNA.
Following the approach of other authors (3−8) , five pairs of primers were designed in the conserved exon regions flanking introns of interest. From available databank DNA sequences, primers were designed to be as universal as possible so that they could be used for most teleost fish. Five systems were designed that were capable of amplifying intron 1 of the opsin gene, intron 3 of the myosin light chain gene, intron 2 of the actin gene, intron 6 of the chymotrypsin B gene, and intron 3 of the calmodulin gene (Table 1) .
Tissues were collected in Morocco (most marine fish, camel, and Moorish gecko), France (Pomatoschistus), Slovakia (Barbus), Slovenia (Salmo), Bolivia (Cichla), Tanganyika Lake (Cyprichromis), Canary Islands (Mauligobius), Japan (Sardinops), and China (Zacco and Opsariichthys). DNA was extracted using the phenol/chloroform method. The primers were tested in several fish species mostly devoid of available known nuclear molecular markers. Two or three individuals of each species (only one for human and gecko DNA) were analyzed using the same protocol. At least two attempts were made before considering that amplification was positive (replicated) or negative (failed) or that the data could not be used in the chosen conditions [not usable data (NUD); see Table 2 ].
PCRs were carried out in a Primus Thermal Cycler (MWG-Biotech AG, Ebersberg, Germany) using the following conditions: in a 10-µL volume containing 1 µL of 10× buffer [500 mM KCl, 100 mM Tris-HCl (pH 9.0), and 1% Triton ® X-100; Promega, Madison, WI, USA], 2.5 mM MgCl 2, 0.2 mM of each dNTPs, 0.5 µM of each primer, 0.3 U of Taq DNA polymerase (Promega) and 1 µL of DNA template. A first denaturation at 94°C for 3 min was followed by 35 cycles of denaturation for 1 min, annealing at an appropriate temperature (see Table 2 ) for 1 min, extension at 72°C for 1 min 20 s, and completed with a final extension at 72°C for 10 min.
One microliter of the PCR mixture was loaded onto a 5% nondenaturing acrylamide gel. The PCR products were visualized by silver staining (10) . When a weaker resolution was sufficient, an agarose gel was preferred; it was ethidium bromide stained and bands were visualized under UV.
The primers were tested on 16 species of marine and freshwater fish be-BENCHMARKS longing to nine families ( Table 2 ). The assessment of the universality of the primers was completed by testing them on one reptile (Moorish gecko) and two mammal (human and camel) DNAs.
The primers used in the conditions described above were used to demonstrate their degree of universality. As the Ops-1 and Mlc-3 systems were specifically designed from fish DNA sequences, they could not amplify mammal or reptile DNA. All teleost fish DNA except Merluccius merluccius was amplified. The three other primer sets (Act-2, ChymB-6, and Cam-3), based on fish and/or mammal or bird DNA sequences, showed a higher level of universality and could amplify most species DNA (Table 2) .
Two systems (Mlc-3 and Cam-3)
provided mostly single locus amplification, whereas the other primer sets (Ops-1, ChymB-6, and especially Act-2) amplified more than one PCR locus. Sometimes, the profile interpretation was difficult because of the poor quality of the bands; such results were considered to be not usable data ( Table 2 ). The present intronic systems appeared to be good species markers when analyzed for length polymorphism. Most of the PCR fragments obtained were between 100 and 1000 bp long, but some were considerably longer. They were capable of discriminating related species (e.g., Pomatoschistus sp. with the Act-2 marker). For each species, at least one of these markers showed characteristic profiles, which were useful for species identification.
To assess their usefulness at the population level, two or three individuals per fish species were analyzed (Figure 1 ). Intraspecific polymorphism (indicated by P in Table 2 ) was clearly expressed in most cases for long fragments and exceptionally so for short fragments (amplification of Cyprichromis leptosoma DNA with the Cam-3 system) although very few individuals per species have been analyzed. Of course, the detected polymorphism is probably a small part of the polymorphism that could be de- Each locus, identified by its length and M (monomorphic) or P (polymorphism), was expressed for the two or three individuals per species studied. Some profiles were not readable in the PCR conditions used and were considered not usable data (NUD). In some cases, no PCR products could be obtained (Negative (3,7) ]. However, results could become unreadable when too many loci were not specifically amplified, leading to overloaded profiles (not usable data). Despite these exceptions, the markers are powerful for species identification by analysis of easily readable profiles; two or three of them have to be considered together to obtain a definitive diagnosis.
These primers are also promising for population genetics, as a rich polymorphism was observed that expressed several alleles discriminated by length polymorphism on agarose or acrylamide gels. They are already being used in as yet unpublished population genetic research (11, 12) on several fish species and are providing informative data.
We showed here the usefulness of these new EPIC-PCR genetic markers for fish identification at the species and population level by analyzing the length polymorphism of the doublestranded DNA. Depending on the fragment length obtained, a single-strand analysis (7) or SSCP (9) when the fragments are short, or a restriction fragment length polymorphism analysis when PCR fragments are monomorphic (5), could be more suitable alternatives for expressing the polymorphism.
